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Abstract 

Shiga toxin-producing Escherichia coli (STEC) are the most virulent diarrheagenic £ coli known to date. They can be 
spread with alarming ease via food as exemplified by a large sprout-borne outbreak of STEC O104:H4 in 201 1 that 
was centered in northern Germany and affected several countries. Effective control of such outbreaks is an 
important public health task and necessitates early outbreak detection, fast identification of the outbreak vehicle 
and immediate removal of the suspected food from the market, flanked by consumer advice and measures to 
prevent secondary spread. 

In our view, opportunities to improve control of STEC outbreaks lie in early clinical suspicion for STEC infection, 
timely diagnosis of all STEC at the serotype-level and integrating molecular subtyping information into surveillance 
systems. Furthermore, conducting analytical studies that supplement patients' imperfect food history recall and 
performing, as an investigative element, product tracebacks, are pivotal but underutilized tools for successful 
epidemiologic identification of the suspected vehicle in foodborne outbreaks. As a corollary, these tools are 
amenable to tailor microbiological testing of suspected food. 
Please see related article: http://www.biomedcentral.com/1741-7015/10/12 
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Introduction 

Among diarrheagenic Escherichia coli, those producing 
Shiga toxin (synonym: Vero toxin), are the most virulent 
to date. These Shiga toxin-producing E. coli (STEC) can 
cause hemorrhagic colitis that may manifest as painful, 
grossly bloody diarrhea [1] as well as hemolytic uremic 
syndrome (HUS) - a potentially fatal thrombotic micro- 
angiopathy, typically affecting children (pathogenesis 
and treatment strategies are fully discussed in the 
accompanying commentary by Goldwater et al. [2]). 
The case-fatality ratio of STEC illness is dependent on 
the patients' age and the virulence profile of the infect- 
ing strain. It is less than 1% for STEC gastroenteritis [3]. 
For apparently sporadic STEC-associated HUS, the case- 
fatality ratio in the acute phase is between 2% and 5% 
[3,4], but it can be as high as 10% in outbreaks of the 
rare sorbitol-fermenting 0157:H- STEC [5]. 
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Since their first description in 1977 [6], many (> 100) 
different STEC serotypes, a categorization based on O 
(somatic) and H (flagellar) antigens, have been asso- 
ciated with human disease. Of those, 0157:H7 has the 
strongest association with HUS worldwide [7]. This ser- 
otype is the primary target for diagnosing human STEC 
infection in many countries due to its virulence and 
propensity to cause common source outbreaks coupled 
with its ease of diagnosis by culture isolation. In many 
countries, infection with STEC 0157, regardless of the 
H-antigen, is probably less frequent than infection with 
STEC of other serogroups. These 'non-0157 STEC con- 
stitute a heterogeneous group of organisms, which have, 
on the whole, a lesser risk of causing bloody diarrhea 
[8,9] and HUS [9]. For example, prior to the large STEC 
O104:H4 outbreak in 2011 (see below), non-0157 STEC 
accounted for more than 80% of reported STEC infec- 
tion, but only for approximately 1/3 of STEC-associated 
HUS in Germany [4,10]. 

Stools submitted for diagnosis of acute community- 
acquired diarrhea, even when bloody, are not always 
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investigated for the presence of STEC. Furthermore, 
diagnosis of non-0157 STEC is complex and currently 
requires a sequential approach [11,12] that entails 
screening for Shiga toxin or its encoding genes by non- 
cultural methods, followed by culture, colony identifica- 
tion and serotyping of the respective strain. Unfortu- 
nately, some countries lack recommendations for 
detecting non-0157 STEC and, even in those that have 
them, screening for Shiga toxin (genes) appears underu- 
tilized [12,13]. Adding further to the problem, culture 
isolation and serotyping of non-0157 STEC is per- 
formed only in a few specialized laboratories. Conse- 
quently, diagnosis of STEC including serotype - the 
basic microbiological information needed for surveil- 
lance - occurs infrequently and is time-consuming. This 
delays or even prevents pathogen-specific outbreak 
detection. Herein lies a particular problem: pathogenic 
E. coli continue to evolve [14,15] through inter-bacterial 
transfer of genetic elements, for example, via bacterio- 
phages, transposons and plasmids, and new and emer- 
ging STEC clones will likely belong to the group of 
(underdiagnosed) non-0157 STEC. 

The main reservoir for STEC is ruminants, particularly 
cattle, and most large STEC outbreaks, irrespective of 
serotype, have been caused by contaminated food 
(including drinking water) [16-18]. Timeliness of public 
health surveillance is the key to implementing effective 
control measures. In foodborne outbreaks, this translates 
into the necessity for 1) early detection, 2) timely identi- 
fication of the suspected food vehicle and 3) removing it 
from the market, accompanied by targeted consumer 
advice. Minimizing secondary spread is an additional 
public health task to halt the outbreak, as affected per- 
sons themselves then have become a potential source of 
infection to others [19]. 

Public health response to the STEC O104:H4 
outbreak in Germany 

From early May through early July 2011, an international 
STEC outbreak occurred in Germany with the largest 
documented number of HUS cases in a single outbreak, 
predominantly occurring in adults [20]. In Germany, 
STEC infection and clinical symptoms compatible with 
diarrhea-associated HUS are notifiable. In the outbreak 
period, more than 3,800 cases, including 54 fatalities, 
were ascertained through Germany's national infectious 
disease reporting system. Of those, more than 800 devel- 
oped HUS (Figure 1), severely straining nephrologic 
treatment capacities in the northern Germany outbreak 
area and beyond [21]. The causative agent was of a rare 
E. coli serotype, O104:H4, and has been classified as an 
enteroaggregative E. coli that had acquired Shiga toxin 
genes and other genetic elements [22-24]. Likely, lateral 
gene transfer has created a virulent hybrid clone with a 



blended virulence profile and an extended-spectrum |3- 
lactamase phenotype [25,26]. 

Outbreak detection 

The outbreak was detected by a small cluster of three 
pediatric HUS patients immediately notified to a local 
health department - approximately two weeks after the 
outbreak started and before statistical algorithms on 
reporting data of laboratory-confirmed cases flagged an 
alert. This reiterates that small clusters can herald large 
outbreaks, thus exemplifying the role of alert clinicians 
in early outbreak detection. 

Identification of the suspected food 

Evidence from epidemiologic studies and product 'tra- 
cing' investigations strongly implicated fenugreek 
sprouts as the cause of the STEC O104:H4 outbreak 
[27]. Identifying the suspect food was doubly compli- 
cated: First, by the unexpectedly long incubation period 
(median of eight days), which was for most cases outside 
the time-period for which food history was elicited in 
hypothesis-generating interviews. Second, sprouts were 
often used as garnish on meals or salads in restaurants 
or at catered festivities - therefore consumed sometimes 
only once during the exposure period, often unwittingly 
and without the memory aid of having purchased or 
prepared them. Consequently, initial hypothesis-generat- 
ing interviews did not hint towards sprouts (only 
reported by 25% of cases), but foods that probably were 
often eaten in combination with them, such as leafy sal- 
ads, cucumbers, or tomatoes [28]. A subsequent case- 
control study found a statistically significant association 
with sprouts. However, 75% of the cases denied their 
consumption, implicitly questioning the causal role of 
sprouts. Strong epidemiologic evidence for the outbreak 
vehicle was not obtained until an analytical investigation 
studied groups visiting a particular restaurant to which 
several cases could be attributed. Participants basically 
had to remember 'only' their meal - the ingredient list 
was supplied by the restaurant's chef. This study identi- 
fied sprout consumption as the only significant risk for 
becoming ill - all cases had been served sprouts [27]. 
Further evidence was provided by food safety authori- 
ties. In sprout 'tracing' investigations, 41 dispersed infec- 
tion sites (mainly restaurants) converged on a single 
sprout producing farm in Lower Saxony from which 
they had received sprout shipments [27]. Evidence from 
federal-level coordinated product tracing and epidemio- 
logical studies emerged in parallel leading to identifica- 
tion of sprouts as the most likely vehicle of infection, 
three weeks after the outbreak was detected (and five 
days after Lower Saxony's Minister of Agriculture pub- 
licly suspected sprouts based on preliminary results of 
sprout trace-back investigations). 
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Figure 1 Epidemic curve of a large outbreak of STEC O104:H4 infection in Germany, 2011 lighter blue: reported cases of STEC 
gastroenteritis with available date of onset (n = 2,717) darker blue: reported cases of hemolytic uremic syndrome with available date of onset (n 
= 809). STEC, Shiga toxin-producing Escherichia coli 



Outbreak control 

On 10 June, a national public advisory, issued jointly by 
federal public health and food safety authorities, recom- 
mended that consumers should avoid sprout consump- 
tion. Simultaneously, implicated sprouts were taken off 
the market. Later, an international investigation con- 
cluded that a particular lot of fenugreek sprout seeds 
imported from Egypt in 2009 was the common link 
between the German outbreak and a related STEC 
O104:H4 cluster in south-west France [29,30]. Consu- 
mer advice was tailored accordingly. At the time of writ- 
ing, the chain of events that led to contamination of the 
seeds with STEC O104:H4 remains unclear, but this 
information is pivotal for devising rational strategies to 
prevent similar events in the future [31]. Recommenda- 
tions to prevent secondary spread in the household were 
based primarily on hygienic advice targeting affected 
persons or caregivers. Notwithstanding, secondary trans- 
mission, mainly in households, has been reported in 
noticeable frequency [32]. 

In this unprecedented outbreak of STEC O104:H4, 
statutory HUS surveillance facilitated outbreak detection 
and compensated for laboratory surveillance of STEC 
infection in Germany, which is based mainly on detec- 
tion of Shiga toxins or their encoding genes and cur- 
rently too often is terminated before pathogen isolation 



and characterization [33]. Once detected, public health 
response was intense and involved a series of epidemio- 
logic investigations, supplemented by the tracing investi- 
gations of food safety authorities that provided strong 
epidemiologic evidence for sprouts as the vehicle in this 
outbreak. Even in hindsight, it is unlikely that this pro- 
cess could have been substantially accelerated because 
investigations that convincingly pointed to the outbreak 
vehicle could not be conducted before likely points of 
infection (of sufficient size for the ingredient-level 
study) were identified, which required thorough expo- 
sure assessment of cases at the local level and supra- 
regional collation and exchange of this information. 

Challenges ahead in the control of STEC 
outbreaks - the need for speed 

Early detection: improving completeness and timeliness 
of STEC diagnosis and subtyping 

Countries vary in their surveillance approach towards 
STEC, partly due to the diagnostic challenges mentioned 
previously. As the evolution of virulent microbes con- 
tinues, so does the development of diagnostic methods. 
For example, new screening tools allow the simulta- 
neous assessment of virulence markers and HUS-rele- 
vant serogroups in one diagnostic step (for example, 
[34]). Furthermore, rapid genome sequencing 
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techniques, already applied successfully during this out- 
break [22-24], have recently found their way into the 
armamentarium of microbiologists, allowing for detailed 
strain characterization. 

Integration of molecular subtyping information into 
public health surveillance (currently requiring culture 
isolation) is powerful. It greatly enhances sensitivity and 
timeliness of outbreak detection and focuses investiga- 
tions by separating outbreak-related cases from geogra- 
phically and temporally associated sporadic cases [35]. 
These striking advantages have transformed public 
health in countries that routinely make use of subtyping 
information, for example, the US [36]. Yet, growing 
budget restrictions, concerns about cost-effectiveness, 
and focussing on other public health priorities have 
hampered their implementation in many countries, 
including Germany. At any rate, strategies to improve 
timeliness of STEC diagnosis and typing need to be 
complemented by efforts to increase clinical suspicion 
of STEC infection in community-acquired diarrhea, par- 
ticularly when bloody [37]. Considering the vagaries and 
underutilization of current STEC diagnostics, and the 
threat of emerging virulent E. coli, complimentary sur- 
veillance systems are warranted, such as syndromic sur- 
veillance of bloody diarrhea [38] or of diarrhea- 
associated HUS [12], almost exclusively caused by 
STEC. It is noteworthy that many large STEC outbreaks 
have initially been detected by small clusters of HUS 
[18,39,40], which is particularly true for the sorbitol-fer- 
menting clone of 0157:H-, where occurrence of diar- 
rheal cases seems to be comparatively seldom [41]. 
Thus, the crucial role of alert physicians who secure 
microbiological diagnosis and timely inform public 
health authorities about clusters of illness cannot be 
overstated. 

Identifying suspect foods: Building on patients' recall is 
good, supplementing it is better 

Epidemiologic identification of the suspected outbreak 
vehicle hinges on patients' food histories, but their 
incomplete recall often leads to inaccurate exposure 
characterization. In this context, timely identification 
and investigation of localized clusters of cases, even in 
geographically dispersed outbreaks, is pivotal for two 
reasons: first, clusters may provide information on place 
of infection, which can be used for product tracing 
investigations to identify (or rule out) the most likely 
outbreak vehicle. These kinds of investigations currently 
lack a standardized framework for their conduct. Sec- 
ond, clusters can provide valuable opportunities to sup- 
plement patients' memories [42], for example, in recipe- 
based studies [42]. Similarly, purchase information, for 
example, from grocery receipts [43], membership cards 
of store chains [44] or credit cards [45] as a surrogate 



for patients' food histories is increasingly used for 
hypothesis generation or testing. These epidemiologic 
tools can markedly increase the specificity of the out- 
break investigation. As a corollary, food sampling strate- 
gies can be tailored accordingly, thereby enhancing the 
likelihood of obtaining microbiological evidence for the 
suspected food. 

Traditional analytical epidemiologic investigations 
often employ case-control studies. They require selec- 
tion of a valid control group, whose members are unaf- 
fected by the outbreak but are representative of 
outbreak patients with respect to food consumption pre- 
valences. This selection process is frequently time-con- 
suming and accompanied by logistical or legal 
difficulties, for example, accessing population registries. 
If estimates exist about the background consumption 
rate of specific foods (for example, through population 
surveys) or an educated guess about their range can be 
ventured, associations of food items with illness can be 
rapidly assessed by employing binomial probability the- 
ory before or even instead of using actual responses of 
controls [46,47]. Additionally or alternatively, making 
use of the exposure experience of patients with a similar 
disease, for instance outbreak-unrelated cases of the 
same serotype, merits further evaluation. Its usefulness 
would be another argument for conducting subtyping 
surveillance, which provides such 'control' patients. 

Controlling the outbreak: beyond food recall and warning 
- preventing secondary spread 

Food recall and public warnings are standard prevention 
measures in the control of foodborne outbreaks. The 
key question is how much evidence is needed for a sus- 
pected food before these measures are warranted. Diffi- 
culties in the prevention of secondary transmission of 
STEC 0157 to children, mainly occurring in the house- 
hold, have led to far-reaching recommendations such as 
prompt separation of siblings [48] or even hospitaliza- 
tion of pediatric cases on clinical grounds [49]. This 
outbreak primarily affected adults who, compared to 
children, are less likely to transmit the pathogen to 
other persons [48,50]. The observation in Germany of 
adult-to-adult and adult-to-child household transmission 
even two months after the food vehicle had been 
removed from the market is notable. This calls for an 
in-depth analysis of intra-household transmission to 
improve recommendations for its prevention. 

Conclusions 

STEC outbreaks, if large in size, are usually foodborne. 
Rapid identification of the contaminated food is essen- 
tial for effective outbreak control. This requires a com- 
plex interplay of alert clinicians, microbiologists, and 
public health and food safety specialists. In each of these 
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professions or disciplines, there is potential for improve- 
ment. Notwithstanding, one challenge will remain: con- 
trolling an ever-moving target - constantly evolving 
diarrheagenic E. coli. 

Acknowledgements 

We are indebted to public health and food safety authorities at all levels for 
their diligent work. Also, we cherish the accomplishment of health-care 
workers who maintained a high standard of treatment and patient care 
throughout the outbreak. 

Author details 

'Department of Infectious Disease Epidemiology, Robert Koch Institute, DGZ- 
Ring 1, 13086 Berlin, Germany, department of Infectious Diseases, Robert 
Koch Institute, Nordufer 20, 13353 Berlin, Germany. 3 National Reference 
Center for Salmonella and other Bacterial Enteric Pathogens, Robert Koch 
Institute, Burgstrasse 37, 38855 Wernigerode, Germany. 4 Robert Koch 
Institute, Nordufer 20, 13353 Berlin, Germany. 

Authors' contributions 

All authors participated in drafting and revising the manuscript, and they all 
read and approved the final manuscript. 

Competing interests 

The authors declare that they have no competing interests. 

Received: 31 October 201 1 Accepted: 2 February 2012 
Published: 2 February 2012 

References 

1. Riley LW, Remis RS, Helgerson SD, McGee HB, Wells JG, Davis BR, Hebert RJ, 
Olcott ES, Johnson LM, Hargrett NT, Blake PA, Cohen ML: Hemorrhagic 
colitis associated with a rare Escherichia coli serotype. N Engl J Med 1983, 
308:681-685. 

2. Goldwater PN: Pathogenesis and Treatment strategies. SMC Medicine . 

3. Gould LH, Demma L, Jones TF, Hurd S, Vugia DJ, Smith K, Shiferaw B, 
Segler S, Palmer A, Zansky S, Griffin PM: Hemolytic uremic syndrome and 
death in persons with Escherichia coli 0157:H7 infection, foodborne 
diseases active surveillance network sites, 2000-2006. Clin Infect Dis 2009, 
49:480-1485. 

4. Gerber A, Karch H, Allerberger F, Verweyen HM, Zimmerhackl LB: Clinical 
course and the role of shiga toxin-producing Escherichia coli infection in 
the hemolytic-uremic syndrome in pediatric patients, 1997-2000, in 
Germany and Austria: a prospective study. J Infect Dis 2002, 186:493-500. 

5. Alpers K, Werber D, Frank C, Koch J, Friedrich AW, Karch H, An Der 
Heiden M, Prager R, Fruth A, Bielaszewska M, Morlock G, Heissenhuber A, 
Diedler A, Gerber A, Ammon A: Sorbitol-fermenting enterohaemorrhagic 
Escherichia coli 0157:H- causes another outbreak of haemolytic uraemic 
syndrome in children. Epidemiol Infect 2009, 137:389-395. 

6. Konowalchuk J, Speirs Jl, Stavric S: Vera response to a cytotoxin of 
Escherichia coli. Infect Immun 1977, 18:775-779. 

7. Tarr PI, Gordon CA, Chandler WL: Shiga-toxin-producing Escherichia coli 
and haemolytic uraemic syndrome. Lancet 2005, 365:1073-1086. 

8. Werber D, Fruth A, Heissenhuber A, Wildner M, Prager R, Tschape H, 
Ammon A: Shiga toxin-producing Escherichia coli 0157 more frequently 
cause bloody diarrhea than do non-0157 strains. J Infect Dis 2004, 
189:1335-1336. 

9. Werber D, Behnke SC, Fruth A, Merle R, Menzler S, Glaser S, Kreienbrock L, 
Prager R, Tschape H, Roggentin P, Bockemuhl J, Ammon A: Shiga Toxin- 
producing Escherichia coli Infection in Germany-Different Risk Factors 
for Different Age Groups. Am J Epidemiol 2007, 165:425-434. 

10. Robert Koch Institute: EHEC-Erkrankung. In Infektionsepidemiologisches 
Jahrbuch meldepflichtiger Krankheiten fur 2010. Edited by: Robert Koch 
Institute. Berlin: AZ Druck und Datentechnik GmbH; 201 1:80-84. 

1 1 . Brooks JT, Sowers EG, Wells JG, Greene KD, Griffin PM, Hoekstra RM, 
Strockbine NA: Non-0157 Shiga toxin-producing Escherichia coli 
infections in the United States, 1983-2002. J Infect Dis 2005, 
192:1422-1429. 



12. Werber D, Frank C, Wadl M, Karch H, Fruth A, Stark K: Looking for tips to 
find icebergs-surveillance of haemolytic uraemic syndrome to detect 
outbreaks of Shiga toxin-producing E. coli infection. Euro Surveill 2008, 
13:pii:8053. 

13. Hoefer D, Hurd S, Medus C, Cronquist A, Hanna S, Hatch J, Hayes T, 
Larson K, Nicholson C, Wymore K, Tobin-D'Angelo M, Strockbine N, 
Snippes P, Atkinson R, Griffin PM, Gould LH: Laboratory practices for the 
identification of Shiga toxin-producing Escherichia coli in the United 
States, FoodNet sites, 2007. Foodborne Pathog Dis 201 1, 8:555-560. 

14. Wiedenbeck J, Cohan FM: Origins of bacterial diversity through horizontal 
genetic transfer and adaptation to new ecological niches. FEMS Microbiol 
Rev 2011, 35:957-976. 

15. Robins-Browne RM: The relentless evolution of pathogenic Escherichia 
coli. Clin Infect Dis 2005, 41:793-794. 

16. Michino H, Araki K, Minami S, Takaya S, Sakai N, Miyazaki M, Ono A, 
Yanagawa H: Massive outbreak of Escherichia coli 0157:H7 infection in 
schoolchildren in Sakai City, Japan, associated with consumption of 
white radish sprouts. Am J Epidemiol 1999, 150:787-796. 

17. Matsell DG, White CT: An outbreak of diarrhea-associated childhood 
hemolytic uremic syndrome: the Walkerton epidemic. Kidney Int Suppl 
2009, ,112: S35-S37. 

18. Bell BP, Goldoft M, Griffin PM, Davis MA, Gordon DC, Tarr PI, Bartleson CA, 
Lewis JH, Barrett TJ, Wells JG, et al: A multistate outbreak of Escherichia 
coli 0157:H7-associated bloody diarrhea and hemolytic uremic 
syndrome from hamburgers. The Washington experience. JAMA 1994, 
272:1349-1353. 

19. Ahn CK, Klein E, Tarr PI: Isolation of patients acutely infected with 
Escherichia coli 0157:H7: low-tech, highly effective prevention of 
hemolytic uremic syndrome. Clin Infect Dis 2008, 46:1 1 97-1 1 99. 

20. Frank C, Werber D, Cramer JP, Askar M, Faber M, Heiden MA, Bernard H, 
Fruth A, Prager R, Spode A, Wadl M, Zoufaly A, Jordan S, Kemper MJ, 
Follin P, Muller L, King LA, Rosner B, Buchholz U, Stark K, Krause G, HUS 
Investigation Team: Epidemic Profile of Shiga-Toxin-Producing Escherichia 
coli O104:H4 Outbreak in Germany. N Engl J Med 201 1, 365:1771-1780. 

21. Harendza S: "HUS diary" of a German nephrologist during the current 
EHEC outbreak in Europe. Kidney Int 201 1, 80:687-689. 

22. Rohde H, Qin J, Cui Y, Li D, Loman NJ, Hentschke M, Chen W, Pu F, Peng Y, 
Li J, Xi F, Li S, Li Y, Zhang Z, Yang X, Zhao M, Wang P, Guan Y, Cen Z, 
Zhao X, Christner M, Kobbe R, Loos S, Oh J, Yang L, Danchin A, Gao GF, 
Song Y, Li Y, Yang H, et al: Open-source genomic analysis of Shiga-toxin- 
producing E. coli O104:H4. N Engl J Med 2011, 365:718-724. 

23. Mellmann A, Harmsen D, Cummings CA, Zentz EB, Leopold SR, Rico A, 
Prior K, Szczepanowski R, Ji Y, Zhang W, McLaughlin SF, Henkhaus JK, 
Leopold B, Bielaszewska M, Prager R, Brzoska PM, Moore RL, Guenther S, 
Rothberg JM, Karch H: Prospective Genomic Characterization of the 
German Enterohemorrhagic Escherichia coli O104:H4 Outbreak by Rapid 
Next Generation Sequencing Technology. PLoS One 2011, 6:e22751. 

24. Brzuszkiewicz E, Thurmer A, Schuldes J, Leimbach A, Liesegang H, 

Meyer FD, Boeiter J, Petersen H, Gottschalk G, Daniel R: Genome sequence 
analyses of two isolates from the recent Escherichia coli outbreak in 
Germany reveal the emergence of a new pathotype: Entero- 
Aggregative-Haemorrhagic Escherichia coli (EAHEC). Arch Microbiol 2011, 
193:883-891. 

25. Rasko DA, Webster DR, Sahl JW, Bashir A, Boisen N, Scheutz F, Paxinos EE, 
Sebra R, Chin CS, lliopoulos D, Klammer A, Peluso P, Lee L, Kislyuk AO, 
Bullard J, Kasarskis A, Wang S, Eid J, Rank D, Redman JC, Steyert SR, 
Frimodt-Moller J, Struve C, Petersen AM, Krogfelt KA, Nataro JP, Schadt EE, 
Waldor MK: Origins of the E. coli strain causing an outbreak of 
Hemolytic-Uremic Syndrome in Germany. N Engl J Med 201 1, 365:709-717. 

26. Bielaszewska M, Mellmann A, Zhang W, Kock R, Fruth A, Bauwens A, 
Peters G, Karch H: Characterisation of the Escherichia coli strain 
associated with an outbreak of haemolytic uraemic syndrome in 
Germany, 201 1: a microbiological study. Lancet Infect Dis 201 1, 
11:671-676. 

27. Buchholz U, Bernard H, Werber D, Bohmer MM, Remschmidt C, Wilking H, 
Delere Y, Heiden MA, Adlhoch C, Dreesman J, Ehlers J, Ethelberg S, 
Faber M, Frank C, Fricke G, Greiner M, Hohle M, Ivarsson S, Jark U, 
Kirchner M, Koch J, Krause G, Luber P, Rosner B, Stark K, Kuhne M: German 
Outbreak of Escherichia coli O104:H4 Associated with Sprouts. N Engl J 
Med 2011, 365:1763-1770. 



Werber ef al. BMC Medicine 2012, 10:1 1 
http://www.biomedcentral.eom/1 741 -701 5/1 0/1 1 



Page 6 of 6 



28. Frank C, Faber MS, Askar M, Bernard H, Fruth A, Gilsdorf A, Hohle M, 
Karch H, Krause G, Prager R, Spode A, Stark K, Werber D: Large and 
ongoing outbreak of haemolytic uraemic syndrome, Germany, May 
201 1. Euro Surveill 201 1, 16:pii:19878. 

29. Tracing seeds, in particular fenugreek (Trigonella foenum-graecum) 
seeds, in relation to the Shiga toxin-producing E. coli (STEC) O104:H4 
201 1 Outbreaks in Germany and France. European Food Safety 
Authority 2011 July 5. , Available from: URL: http://www.efsa.europa.eu/en/ 
supporting/doc/1 76e.pdf. 

30. Federal Institute for Risk Assessment: Bedeutung von Sprossen und 
Keimlingen sowie Samen zur Sprossenherstellung im EHEC O104:H4 
Ausbruchsgeschehen im Mai und Juni 201 1. Federal Institute for Risk 
assessment 2011 , Available from: URL: http://www.bfr.bund.de/cm/343/ 
bedeutung_von_sprossen_und_keimlingen_sowie_samen_zur 
_sprossenherstellung_im_ehec_o104_h4_ausbruchsgeschehen_im 
_mai_und_juni_201 1 pdf. 

31. Tauxe RV: Emerging foodborne diseases: an evolving public health 
challenge. Emerg Infect Dis 1997, 3:425-434. 

32. Hauri A, Gotsch U, Strotmann I, Krahn J, Bettge-Weller G, Westbrock H, 
Bellinger 0, Uphoff H: Secondary transmissions during the outbreak of 
Shiga toxin-producing Escherichia coli 01 04 in Hesse, Germany, 2011. 
Euro Surveill 2011, 16:pii:19937. 

33. Werber D, Fruth A, Frank C, Altmann D, Stark K Surveillance von STEC- 
Erkrankungen in Deutschland 2001-2009: Time for a change. In Dritter 
EHEC-Workshop, 2010. Volume 16. Edited by: Busch U. Bayerisches 
Landesamt fur Gesundheit und Lebensmittelsicherheit; 2010. 

34. Bugarel M, Beutin L, Martin A, Gill A, Fach P: Micro-array for the 
identification of Shiga toxin-producing Escherichia coli (STEC) 
seropathotypes associated with Hemorrhagic Colitis and Hemolytic 
Uremic Syndrome in humans. Int J Food Microbiol 2010, 142:318-329. 

35. Swaminathan B, Gerner-Smidt P, Ng LK, Lukinmaa S, Kam KM, Rolando S, 
Gutierrez EP, Binsztein N: Building PulseNet International: an 
interconnected system of laboratory networks to facilitate timely public 
health recognition and response to foodborne disease outbreaks and 
emerging foodborne diseases. Foodborne Pathog Dis 2006, 3:36-50. 

36. Tauxe RV: Molecular subtyping and the transformation of public health. 
Foodborne Pathog Dis 2006, 3:4-8. 

37. Salmon RL, Evans MR, Mason BW, Werber D: Bloody diarrhoea: Test early 
for verotoxin producing Escherichia coli. BMJ 2008, 336:1 147-1 148. 

38. Wadl M, Rieck T, Nachtnebel M, Greutelaers B, An Der Heiden M, 
Altmann D, Hellenbrand W, Faber M, Frank C, Schweickert B, Krause G, 
Benzler J, Eckmanns T: Enhanced surveillance during a large outbreak of 
bloody diarrhoea and haemolytic uraemic syndrome caused by Shiga 
toxin/verotoxin-producing Escherichia coli in Germany, May to June 
201 1. Euro Surveill 201 1, 16:pii:19893. 

39. King LA, Mailles A, Mariani-Kurkdjian P, Vernozy-Rozand C, Montet MP, 
Grimont F, Pihier N, Devalk H, Perret F, Bingen E, Espie E, Vaillant V: 
Community-wide outbreak of Escherichia coli 0157:H7 associated with 
consumption of frozen beef burgers. Epidemiol Infect 2009, 137:889-896. 

40. Community outbreak of hemolytic uremic syndrome attributable to 
Escherichia coli 01 1 1:NM-South Australia 1995. MMWR Morb Mortal Wkly 
Rep 1995, 44:550-558. 

41. Nielsen S, Frank C, Fruth A, Spode A, Prager R, Graff A, Plenge-Bonig A, 
Loos S, Lutgehetmann M, Kemper MJ, Muller-Wiefel DE, Werber D: 
Desperately seeking diarrhoea: outbreak of haemolytic uraemic 
syndrome caused by emerging sorbitol-fermenting shiga toxin- 
producing Escherichia coli 0157:H-, Germany, 2009. Zoonoses Public 
Health 2011, 58:567-572. 

42. Mody RK, Greene SA, Gaul L, Sever A, Pichette S, Zambrana I, Dang T, 
Gass A, Wood R, Herman K, Cantwell LB, Falkenhorst G, Wannemuehler K, 
Hoekstra RM, McCullum I, Cone A, Franklin L, Austin J, Delea K, 
Behravesh CB, Sodha SV, Yee JC, Emanuel B, Al-Khaldi SF, Jefferson V, 
Williams IT, Griffin PM, Swerdlow DL: National outbreak of Salmonella 
serotype saintpaul infections: importance of Texas restaurant 
investigations in implicating jalapeno peppers. PLoS One 201 1, 6:e16579. 

43. Fretz R, Pichler J, Sagel U, Much P, Ruppitsch W, Pietzka AT, Stoger A, 
Huhulescu S, Heuberger S, Appl G, Werber D, Stark K, Prager R, Flieger A, 
Karpiskova R, Pfaff G, Allerberger F: Update: multinational listeriosis 
outbreak due to 'Quargel', a sour milk curd cheese, caused by two 
different L. monocytogenes serotype 1/2a strains, 2009-2010. Euro 
Surveill 2010, 15:pii:19543. 



45. 



46. 



49. 



50. 



Salmonella montevideo infections associated with salami products 
made with contaminated imported black and red pepper - United 
States, July 2009-April 2010. MMWR Morb Mortal Wkly Rep 2010, 
59:1647-1650. 

Ethelberg S, Smith B, Torpdahl M, Lisby M, Boel J, Jensen T, Molbak K: An 
outbreak of Verocytotoxin-producing Escherichia coli 026:H11 caused 
by beef sausage, Denmark 2007. Euro Surveill 2007, 12:E070531.4. 
Keene WE, Hedberg K, Herriott DE, Hancock DD, McKay RW, Barrett TJ, 
Fleming DW: A prolonged outbreak of Escherichia coli 0157:H7 
infections caused by commercially distributed raw milk. J Infect Dis 1997, 
176:815-818. 

Outbreak of Salmonella serotype Enteritidis infections associated with 
raw almonds-United States and Canada, 2003-2004. MMWR Morb Mortal 
Wkly Rep 2004, 53:484-487. 

Werber D, Mason BW, Evans MR, Salmon RL: Preventing household 
transmission of Shiga toxin-producing Escherichia coli 0157 infection: 
promptly separating siblings might be the key. Clin Infect Dis 2008, 
46:1189-196. 

Pollock KG, Beattie TJ, Reynolds B, Stewart A, Cowden JM: Clinical 
management of children with suspected or confirmed E. coli 0157 
infection. Scoff Med J 2007, 52:5-7. 

Locking ME, Pollock KG, Allison LJ, Rae L, Hanson MF, Cowden JM: 
Escherichia coli 0157 infection and secondary spread, Scotland, 1999- 
2008. Emerg Infect Dis 201 1, 17:524-527. 



Pre-publication history 

The pre-publication history for this paper can be accessed here: 
http://www.biomedcentral.eom/l 741-701 5/10/1 1 /prepub 



doi:1 0.1 186/1741-7015-10-11 

Cite this article as: Werber ef al:. Outbreaks of virulent diarrheagenic 
Escherichia coli - are we in control? BMC Medicine 2012 10:1 1. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



BioMed Central 



v. 



